Abstract. This article introduces a new technique involving concurrent engineering (CE) strategy and analytical network process (ANP) technique to form a ranking methodology as a part of the conceptual design selection (CS). The proposed method is referred as concurrent network (CN). The objective of this study is to simultaneously consider of all features of product elements by implementing CE strategy. Furthermore, CN enables interdependence and interrelationship analysis between product elements by application of ANP. In this study, CN is utilized for a conceptual design of metal matrix composite (MMC) component. The results show that by using CN, all important product parameters can be considered simultaneously during the CDS and the importance weights of manufacturing process parameters and material parameters which are related to MMC component performance are attained.
Introduction
Conceptual selection (CS) involves the integration and coordination of various resources through product research and product design. This action requires decision for the best concepts for related process and material in which the designer consideration is significant. Therefore, with the support of product information management and knowledge, CS will support the advancement of modern production and manufacturing process [1] . CS covers up to 80% of the total product cost through which it is decided during this stage. Furthermore, a proper CS can shorten the development time, reduce cost and increase product quality [2] . Optimum conceptual design can be determined if the selection decisions for manufacturing process and material are all considered at the same time. Thus, it is pivotal to make the correct decisions during CS and it is vital to perform procedural selection of product concepts in order to sustain long term success in today's competitive market [3] [4] .
Conceptual selection is part of the product development (PD) which involves parallel iterations and therefore needs a smooth operation to achieve efficiency. As such, this working flow can be achieved by the implementation of concurrent engineering (CE) strategy. According to Yang et al. [5] , CE supports the integration of design activity and other product development life cycle aspects in a single environment. As the result of applying CE, some industries reported to have obtained up to 60% reduction in time to market, up to 50% reduction in life cycle costs and a maximum 95% of reduction in engineering change demands [6] . Some tools have been developed to support and improve the efficiency of CE application including, multi criteria decision making (MCDM) techniques. The selection process incorporates numerous alternatives, multiple criteria and some conflicts among the criteria. Therefore, designers need to evaluate the alternatives based on influencing criteria systematically and feasible to attain optimum solution [7] .
Amid the MCDM methods which have received wide attention is analytic network process (ANP). In PD related cases, ANP was used by Meade and Presley [8] to select the best option for R&D project. Previous work by Karsak et al. [9] used a combination of ANP and QFD to model a systematic decision system in product planning. Whereas, research work done by Buyukozkan et al. [10] applied ANP -fuzzy to prioritize design requisites by considering the degree of dependences between the customers' needs and design requirements and their inner dependence. ANP is an algorithm that can manage with all types of dependence systematically [11, 12] Automotive industry is a very competitive marketplace and the main attention of the research is on how to reduce weight and increase performance of a car. The spotlights of these developments take into account advanced material -metal matrix composite (MMC). SSS Aluminium based MMC also has been recognized as a potential for large scale production of the braking system. In brake disc application, the properties of Al-MMC materials have been extensively been studied and would appear to offer several major advantages over cast iron brake disc, in terms of lower density, better resistance to corrosion, lower thermal expansion, higher thermal conductivity and higher thermal diffusivity [13] [14] [15] . The initialization of MMC application in automotive industry was in automobile engine, which applied reinforced Al-MMC for pistons in the Toyota diesel engine [16] . Al-MMC was initially developed as brake disc by Lotus Elise from 1996 to 1998 and Plymouth Prowler in 1997. Although MMC has been applied for brake disc, the product has not yet been highly produced and used widely for replacement of the existing iron brake disc due to high manufacturing expenditure for mass production [17] .
In the advanced material area, PD is necessary to fill the gap and acts as a bridging means between experimental results and industrial needs. Therefore, in this study; an objective is introduced, which is to construct a procedure to support the simultaneous consideration of all product parameters during the CS phase. Moreover, this methodology should perform good evaluation analysis between the product parameters which reflects their interdependencies. This technique is implemented as part of the CS for MMC component used for brake disc application.
Methodology
This part of the paper discusses in detail the concurrent network (CN) as part of the novel MCDM technique. The CN technique merges CE approach and ANP procedure. CE strategy is applied to translate and decompose product performance into two main concept parameters (manufacturing process and material) as illustrated in Fig.1 below. These elements are linked to form a network, where the elements of product performance and concept parameters are evaluated for their interdependence and interrelationship. For this reason, ANP is used to perform ratings among different parameters in various clusters. The explanation below gives the details how this procedure is taken to analyse the interactions of product parameters using the ANP method which involves a number of logarithm steps [18] . i. Network model construction. The conceptual design problem is structured into a network where nodes correspond to concept parameter clusters. The elements of sub-concept parameters in a cluster can influence some or all the elements of any other cluster. ii. Pair-wise comparisons and priority vectors. Elements of concept parameter cluster are compared pair-wisely with respect to their impacts on an element in the same cluster. Moreover, pair-wise comparisons are made for interdependency among elements outside their own clusters. The scale defined by Saaty [18] , ranging from 1 (equal important) to 9 (extreme important) is used for the pair-wise comparison. iii. Super-matrix formation. The local weights from the comparisons are entered into the appropriate columns of a super-matrix. This is a partitioned matrix where each segment represents a relationship between two elements within a cluster and two elements in different clusters. iv. Final priorities. The final weights of elements are established in the corresponding columns in the limit centrality by raising the all the variables in the WSM to powers by multiplying it times by itself. Raising the weighted super-matrix to the power of 2k + 1, where k is an arbitrarily big number and allowing convergence of the matrix, which means the row values converge to the same value for each column of the matrix. The resultant is called the limit centrality.
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In this case study there are five identified product performance indicators as located under the performance cluster, which are then translated into nine sub-parameters under concept parameter clusters of manufacturing process and material as shown in Fig.1 .
Fig.1 Product performance and product concept parameter clusters

Results and discussion
The resultants from the CN technique are cluster weights, un-weighted super-matrix (USM), weighted super-matrix (WSM) and limit centrality (LC). In this research, the cluster weights represent the priorities of performance indicator, manufacturing process and material clusters. The result indicates that the two concept parameter clusters have the same weight, i.e. 0.5. This means that the concept parameters have the same influence on the performance indicator of the product. The USM contains the local priorities attained from the pair-wise comparisons throughout the network. The WSM (Table 1) is obtained by multiplying all the variables in concept sub-parameters by the corresponding weight of importance of each cluster. Table 1 Weighted supermatrix This shows the normalized priorities of all the concept parameters, thus for instance the subconcept parameters of primary process (PRP), secondary process (SEP), manufacturing cost (MNC) and environment impact (ENI) with respect to mechanical performance (MEP) are 0.2833, 0.1423, This procedure is used to form the overall weighted super-matrix. The limit centrality contains variables which are attained by raising the all the values in the WSM to powers by multiplying it time by itself. When the column of numbers is the same for every column, the limit has been reached and the matrix multiplication process is halted. From this process, the global weights are obtained. The process continues with the global weights normalized to obtain the local weights for each element of sub-concept parameters in the network. In the manufacturing process selection the PRP parameter has the highest score, which means that this sub-concept parameter is the most important as to achieve the required performance of the product. The ranking is followed by SEP, MNC and the last is ENI parameter. In the material selection, the ranking is dominated by MEP, which indicates that the performance parameters achievability is relied more on the MEP than the other sub-concept parameters. The ranking of other sub-concept parameters is PHP followed by THP, MAC and ENC. The global and local weights are presented in the Table 2 . The values of the sub-concept parameters are the most significant for the next step of the MCDM procedure. Table 2 Final ranking of sub-concept parameters
Conclusions
The objective of this study is achieved by the introduction of a new technique referred to concurrent network (CN). By using CE strategy, the product perfomance indicators are translated and decomposed into sub-concept parameters under manufacturing process and material concept parameters. The interdependency and relationship between these parameters are linked in a network and analysed using ANP method. The results can be seen in the the WSM which indicate the normalised priority of each element. Moreover, the LC contains the global weights of the subconcept parameters and finally normalised to obtain the local weights. This study is a part of a novel MCDM technique and the local weights of the sub-concept parameters will be used in the next stage of the selection process, which is to evaluate and obtain the ratings of the technical specifications.
